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[#SW»#©*SH] 

h U ?^;&OWbS?;b3:=.?Afr&fcS vOl/i: 
U i*iS:JIW!iaibrf&*S:»Sii:S:4*ati:LfcH* 
«®ll§HM«MffiM«^©ff^#i£o 
[St#3S3] 5>#>©-f2t->£, v>#> • $j • n 

B^lzU *AXtt*©iS#&*tr.//l/i:«:«^U ^ft 

i: , 8Mb -f y h U ^tfWK ^Vbn-^A # & * 
bfcH#«WK^mm?l!^?£«a«-»©f^»* 
[9&i8©!$U&3tEH] 

[0 0 0 1 ] 

aswmiaffl ©«s»«*m, xrxs«tstJ»©f^»*jstc 

^frSfc©-?**. 
[0 0 0 2] 

[flE*©S*] tE3fc H#«»f®jilS»«?a (JKT, S 

oFCiti ) (Dmnm mnmmm) tct±-y^;i/ 

(Ni) , 3/tjl/h (Co), ^f-^A (Ru) <$© 
ift^l/3r>>A (ZrOz ) , ^t-feU^A 
(Ce02 ) ^©ifr£#J (t-^-vh) tfttEStlTV* 
6. 

(>f ) i©«S»*©f^K*i56tt. «Jt«N i - Z r 02 
■y— ^-y h©*-£, BWfc-f^XttAM-y^r-n/©!!® 

(D) jdSI4Sffi©Ni-Zr02 t-^'vMii 

^/ffc^s&S (EVD) (CAotffltS^feS. 3 

(b1om%- vtnvt Vfr =i - •> i»©»&j*IIi:««j£BI 

< *s < , * fe*»3cje<tttc *;jt^w 



[0 0 0 3] t£*©SOFC©£^*i 
S) Kltt. 7;b* 'J ±«S*T K-^3nfeLaMnO 
3, L a F e O3 , LaCo03, LaNi03, La 

cr03 ma>'<n7xj]<< hiMbfttfftfflstvtasy. 

3<b(C, «J8K£©ftM©&^&.3«fe&£<rttt« 

(a) ^©^^©f^H^tt^a^*^ hBMb*>© 

10 »*i:^3Z7^?:^7 h^^lL^fc^Sot 

[0 0 0 4] 

[»i8#jBftuj:3fc"raSHH] L#ufc#e>. tufa 

(>f) »cfeW**ISf4«©f^H*iSttJKy h 3 ^JWtK: 
V)V i- r ©#iM£ < . * fe s?;b 
n -T&^ltf W-T% S O F C ©MS i: U- T ©# 

^E^MAL^^X^_h©r4IE^ : bfeofco fit, Su 
12 (n) (cfcWSNi-Zr02 t-^yhffiffl^ffi 

[0005] tufa (a) fcfcttssai*®^*^ 

30 <, &tzis>Va-7l&^-'&t>^i%-r\ SOFCffl^ 

*«4$ttfcLT©#*fS#iB«tcj: 

±©^18^**0^. 

[0 0 0 6] -e-iTf, *^©^ i ©^s«^*©»^ 
©^J**©»AS^<"tSi4l^-eS, ^OSOFCIC 

^©^utitss-ttsritf. mmtffin 

40 bT©^««&fiTa*TM©SK«ffifc«nfcjl!RI4« 

So 

[0 0 0 7] ^9!©^2©M»fj£3K©S^S 
»»©f^K!C fe W £ stria U feKIIBja fe»?B*A^ t b t) 

©T-fey. f^Kxss:«ii«'fbu#r, *»ofEHxgT»© 

*ffl.$5(DMA*:'P < tSIilWI. 3&»o S O F C tcM 
fflLfc*^, ^©^UCffi^-tt&itf, 
T ©^Mffl £i£T $ -ST JUH©SejettK:«*lfca;»S t 
3&L#S. ffl»«««©f^H*j»S:«« , rSii:»C» 
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[0 0 0 8] 

®MbS>7b=ix.}AX»fb-fe U V A 

[0 0 0 9] -?-LT, J;i3Lfc|gltf)f&gES:3iJ*t-&£ 
ft 2 (D^WCL -yJrJUD-(*y. Xte-v 

[0 0 10] ±SBLfe* 2 ©»««:»/«?-&£«> 

tCff#^3(Df§^li, ^>*>©>f v>#> • 

^±©4Mt©>f:r>£^tf#*SI4:. IWfcS?;b3-9 

[0 0 11] £<=>{C, _hiaLfe^2©S^5:«-r-g>fc 
tf>©lt#3B4©»IJ!Wu 5>^>®-r3t->i:v>^*><7) 

[0012] -Miz^jvtte, Sft^iltbSftS 

«bS>*vS«HF-«:-&t? ! &©, *SV*tiS«te : ?-£*fcif© 
[0 0 13] ifty;i/3Zi?AXBiftt'J ^AXSl 

u *i»xtt£©flf;fr&'t?tf 

fco WtC-iv V U At&ffci^bsxtfAfr^fcSvOb 
i: tt, iMb>f 'Vh'JfA vOb BMb s^u n — A i/;i/© 
S^«n*feoTt»J^U SMb-f y NUtf^TgcJfrfbX 

ttau^Sc^-fb a ti r=.mit ^vn^^A® v>>-c*& o t % 

Sk v \ tiffB»*yitt-f * > S t/*»« £ vOb i: ©»<& 

[0 0 14] 



t . 1Mb ^w-^ix tiBMb-t u a ^ tf co 
s-^ttfi&ica&ttss i &m 2 ic 

T « 6 *i* ASK Stmtt^Ktt&OfJ^-tt «fc V\, ft* 
[0 0 15] 

10 9 9. 0%J^±) Sr3SRe*tC»*»L0. 2 5mol/U 
y h 1 U y bJl%RlMLt=.o 8 mo 1 % 

Y2 03 Sc3£-fbZr02 («T8YSZt^O. ) ©!/ 
)V (2 0wt%v0b) ftKUWIUfeO. 2 5mol 
/'J-Vh ;i/?K?§?£lCN i/8YSZ CO^kfcbtf 6 8/3 
2{C&3J:e>lCj(jn/LTil-&U £*i&«T*tfa#K£*C * 
U 7 5 OT3T»^LTie«7K^3^«UilS4WWUfc4 

[0016] mmmTMfrMmm 2 ic^-r e> ic, * 

3OX6OOmm0jtSiU»51f 1 l©i*l5«l 1 
20 Affl&t^3lttt©;lin&t#3 l 2 tc_h^<k »J g$o»/ui£§S* 
13 5:tML *F1S&«:#&7 5 0iCtC«r3—;£, ftftfl 1 
4 ©S£JK*5f©aHR 1 5 £ij&±tf« 1 6 ICT V-f 
^ -#*- 1 7 S:^UT±*'M»±»f, "BLhtf*l 6 ©± 
3gl 6Ai'JMl 5fc5Hf 1 lrt(C^l 5AhbT 

m 1 5 b &ft«#8re&*. 

[0017] ?gT^» LTffe» 1 5 B Itm 1 IC 
■^-itfWPtCAtl, T 8 0 0"C, 2 4 B$mUffii 

[0 0 18] — Jt«MWl fcUTBf»-y^r;i/©*» 
**»e>*TI»4WWbT»fcll'fb- v^r;u»*4:TpIRffl 8 
YSZ©»*&N i/8 YSZC^Jt^B 8/3 2 (C 

l o ginx.TT;b5^-gffii?L^icTM-&Lx^y- 

fe„ ^©jt««i i ©*SjS:JKft mmm&&} t^moo 
[0019] ^j)\,*®.m Lt=.mTWk#M} &xf 
40 -zmt~z.ftt)&m%2 . ogic, <Kuifi/> 
iT'j3-;b6o. 8g, i^;-;u5:4gM. r;i/^ 
^-g»»?L^icT 2 o^iaxiy, x^ y -;i/tt^tc^#§ 

1 mm©^ga©#8 YSZfiBieff^l/v h_htc* 6 m 
m©^#a(C«»»W«fbfc. iiX&ttl 4 0 0°C. 2^f 

»i:LT«T*^#RST?»fcL ao . 8 Sro . 2 Mn 
0 3 »*S^^U->B1BJU *©«. «y«LT£*i«: 
50 SOFCCSftitUfe. *fe»^©^M©^H 
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[0020] z.(DsoFc&,m-tj\'*:m¥m<DmfanM 
ttms&nK.fa&\s, i o o o-cicim^ ^smwc 

- 7 i;b^n 9 h ffl^Tf H 3 fC^t. H3 tC£^T, O 10 
frH4##l 1 T*#fc»*S:«S»«lCiaffl Ufc t»© ( vOl/fc 
«fflUfc»T«^») ©»£> •Wttit««n?#fe» 

[0 0 2 1] &lcmft<t^#MWJ£ffc 
@S (SEM) tCJ:&aH)BgW9SS:ffofc*«l©*g*S: 

[0022] tmffianmmwmtomM&Bim 

R&3L*fr*?--&mmx&ftifrmm (edx) ict**; 

•t. H 6 y. H 8 1 ±Jt«M9 1 Tf» * 



<5. H6ifttfBI8»ca3^T, M1®i88TB©$fcMl4& 

^wc^i-a y T-fe y . «wsiiiB«tcie^* s>;i/n=.? 

^9 7tt?flytc<v^«)T, H6©y97ttBI7K:. ®8 
©^5714129^ MffiUT^lfe. H7 2fctf09 {Cfc 
HT. 2 0 A, 2 0 BttXMtfMJrfltft&aVr It. 2 1 
A, 2 1 Btt-y>r;i/fflXj»38JK. 2 2 A, 2 2Btt^ 

atXBI 7 (C^-f ± o tc*« 1 (4, ^VU a - AStf- y 

& y » *©«©M«!^Jt«iE«i i <fc y #00 1 "e»fc»*S: 
»f§iciiffl u *w s v * i e> , #09 i tt 

[0 0 2 3] fiJLLttN i-8YSZf-^^ b<DMX*& 
HiCNi-CSZ, Ru-YSZ, Co-YS 
Z, Ni-SDC (fcfc, YSZtM-y hUTScJfefby 
T. CSZtt*^/2/T3c^ft^-W/3-T, SDC 

mMlzmmLfem&CDm&StMiZ 200mA/cm2 a 

[0 0 2 4] 





Ni-SYSZ 


Ni-CSZ 


Ru-YSZ 


Co-YSZ 


Ni-SDC 


Ro-SDC 


(mV) 


4 0 


45 


6 0 


6 0 


5 0 


6 5 


(mV) 


7 4 


8 0 


9 5 


9 2 


8 5 


8 0 



[0025] mnzxwt>frft&o\z. mmmi(D^(D 

[0 0 2 6] 7^{C, SO FCJ8ffl««itm«:ff8t5 
*$Sfl<Z)lg2m0!l&. HI OSr^MLTSlW-rs. * 40 

»I&vy*S/?A4 3Kfnft (*fi|£9 9. 0%J^±) &N 
i/Mg©£b#8 0/2 0C^J:9fftU ZtlZM 

0. 2 5mo l/'J v »CV^T, 8Y 

sz®>;;K2 0wt%>;;i/) 5:$fe(cmMLfc0. 25 

mo l/'J y (N i + Mg) /8 YSZ© 

^bjfctf. 90/10, 80/20, 75/25, 68 
/3 2, 6 0/4 O£&&£3#4i!}n£T5ffiB0);fcft 



iPH't'tCAtiWft^tCT 1 000"C, 2 4 

[0 0 2 7] Jtl$M2£LT8 YSZy;i/£#tfX.&^ 
0. 25mol/Uyh ^/**» & WTS»#flPtfc W« 
KHE*lbT»5|c«: i »fc. 3© 8 YSZ^&lO^ 
0. 25mol/'Jyh ^**a©«TJ»4W»T?»fc» 
rejE©8YSZ»*€: (Ni+Mg) / 8 Y S Z 
(D^)lttfiK 90/10, 80/20, 68/32, 6 
0/4 0{C&-5±e>#ll;tT 5 0 m 1 ©X# / -)l£ £ t) 

ft, (N i +Mg) /8 Y SZfflf^Jttf, 90/1 
0, 8 0/2 0, 7 5/2 5, 6 8/3 2, 6 0/4 0 
X'&ZM*frbmt-MWMZ s ttl?4\ 8 Y S Z&rfjDfl; 1 
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0, 2 0, 2 5, 3 2, 4 Omo l%V>mnM^SOo 
[0 0 2 8] Z.ftb(Dffljfc*mMMl fcBHMCSOFC 



* -t . i z. IZB? J: o tcffil 2 ©MSftffittJtiRffl 2 «fc y f^c 

[0 0 2 9] 
[*2] 





8 YSZjgsJnfi (mo 1 %) 


1 0 


2 0 


2 5 


3 2 


4 0 


§g«5fll2 
(Q • cm 2 ) 


0.2 7 


0.0 9 


0.12 


6. 6 


1 5 


JtKW2 
(Q • cm 1 ') 


0.3 0 


0.18 




1 0 


2 0 



[0 0 3 0] ^C. SOFCM«i^5:«t5 
#*89i©#3ffl|SSK0g«\ Hi l~Bl 3 £#i$LT!B 
Hi HCarf-J^tc, *1\ $tfb^>#> (tt 
S9 9. 0%jgA±) . Iixhn>fW «9 9. 
0%j^_h) . n$Hbv>#> (iS9 9. 0%fiiLL) & 20 
L a : S r : MnfflM8 : 2 : 1 OC^i^ffi 

mWL£-?z>o #ac, 8YSZy;i/ (2 0wt%y;b) 
5:, 5felCflMBUfe*SRRtCMn/8 Y SZ©^;i/Jt#5 
0/5 0lc«sSJ:^JD^.ta6^U 3*i*.»TI»^H!lffi 
tCfcU 7 5 0lCt«lt, «#W»UT»5ft8:»fc. * 
VM?, £©»5fi&7;i/3:H&%*»CA*i*»*5KT 1 0 

oo°c, 4&ra«g&u mM&i>xQn,Mtfmt&2>'m 

30 

[0 0 3 1] * fe, JfcRffil 3 £ VXmmO . 2 5 m o 1 
/U y h;u©**« &■?■©* *WT*W^W«fiKitieoT« 
«6UT*&*€:», £*UCrfJJR©8YSZ»*i«:Mn/8 
Y SZ©^;Wfc# 5 0/5 0 ^sffSU 

i o gtcttu x$;-ji/50mi fci: titers 
5 S Sfr&tt ic r h x * - ;b U3t& 5 -tirM (C fgft 

<»*ffl£fe£J:SJfc«0!l3 

[0 0 3 2] r vT;b feftffi L fe«T««MBtC J: *##9 3 
2. OgCli diijif 1/>^U3-M0. 8g, I 



hfcU U4Xlmm(D^i$ffl#8YS 
ZiU^l/>y h©Mffi{-* ■6mm<Z>;*:g;*{C#*l=PStJ 
Lfco itlSrl 2 0 0TC(CT4^fBI«ai!EU SOFCS 

cfc-i. fiii?:8YSZ^L'>yM;^Wai^-X 

[0 0 3 3] 3©SOFC1*;i/£3^§g©@tis«B¥»iP 
«36BK:R5eu l o 0 oick:#JB«&. fHBHK:g?ft«:»& 

fe. (l 2«rH) Ifefcfci? «:»j£b 

fc. *«3©iU3SIBIRttBIi 2, ifcKffil3©8Hj£iB*tt 

ai 3 izm-tM i )x~&-Dt-o &as, mi 2, iai3tcfe 

1 2&|fffiltt&©£&4Sq ^©jJfflS^* 

a* *>=hs j: ^ 3 <D®ffl(Di®>mzttMm 3 ^ & * »j 
^#&^#s«m©#M&#M 3 ©%©©##&ISlc 

[0 0 3 4] 2 0 0mA/cm2 ii«KlJ:S^B 

38«W»©*6Sltt* 3 ICa^S! 'JT'^ofe. * 3 

< b . 3 3 * tc ^ t + ftu* t? © wxre&it ZMM 

[0 0 3 5] 
[*3] 
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(Hr) 


5 


1 2 


5 0 


10 0 


15 0 


5 0 0 


10 0 0 


(mV> 


- 1 0 


-12 


-13 


- 1 4 


- 1 4 


- 1 4 


- 1 3 


nam 3 

(mV) 


+ 10 


+ 15 


+ 20 


+ 22 


+ 3 0 


+ 50 


+ 10 0 



[0 0 3 6] Z(D£oiZ. HIW3ttl 0 0 0B#&31C& 

[0 0 3 7] *»W©a54ia6«S:Sl93"r6. fl& 

fEUfeHJ&WS, Lao. 8 Sr 0 .2Mn03 -YSZ© 
fflT'fcS^, i^lClTLao.9 Cao.l Mn03 -Y 
SZ, LaFe03 -YSZ, L a o .9 Cao.l MnO 
3 -SDC, Lao. 9 Cao.l C0O3 -CSZ, La* 



* N i O3 -SDC, Lao. 9 Cao.l C r O3 -YSZ 

9*#flM© 1 2 WfH 2 0 0 m A/ c m 2 MMm^mt 
•Vttm b Ac^teS! 4 T*3b o fc. ft 4 li£&ffi©tt«ag 

m 4 ic js v + 1* 77 (Dmnx-git z mm u - tt*j»M* 



*4 
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© 


® 
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<5> 


<S> 


£8£W4 


- 1 0 


-9 


-10 


-5 


-10 


- 5 


tt«E0!4 


+ 10 


+ 12 


+ 11 


+ 20 


+ 12 


+ 3 0 



^4tfi. ©liLao.9 Cao.l Mn03 -YS 
Z, ©BLaFeOs -YSZ, ©liL ao.9 Cao.l 
Mn03 -SDC. ®{±Lao.9 Cao.l C0O3 -C 
SZ, ©liLaNiOa - SDC. ©ttL ao.9 Ca 30 
0.1 Cr03 -YSZ^ffct. Z.tHZ%Z>ftZ>£olZ 

[0 0 3 8] 

[aw©**] If** 1 &t>*ft*^ 2 ©«SPHi#»<of^ 

<-T^>Xil^T*^, froSOFClCjIfflLfc^§-£. 
©4HRtt*|-ttS:-t»f, mffi*$ttfcL-T©#M«:i&T 

3JfclF|il#«4©seSCffi«»©^»*i5StCj:*itf, f^K 

fERxeT?©*3|**b©8L\&<I>< 3 £#T*£, fro 
S O F C ICjgJS L,fe»&. *£?©#*«*&-!£ & -hW\ 

CE8raB©ffi**lttW] 



[0 1 ] 1 ©«S»«tm (»*) fett&XSH. 

[02] »T«5WIRfi©i6«Si9!H. 

[0 3 ] ns£#j 1 & jtKfii 1 (Dmnm-^mmo) 
[04 ] mmm 1 

[0 5 ] 1 (Dmnmmmoyn^mmmM-^ 
im 6 ] m«i 1 (Dmftwmtiw&m&mmw-n. 

[0 7] a6®?Xffl^57 5:^m 

[0 8 ] imm 1 ©*^*«wiB©*^««am, 

[09] 08ffl?S«Dy7 7S:Sta 

[010] 2 ©M5fH^ftft£ & MBI. 

[011] 5feSfiffil3©ajftS«-»sH»*S:»SXg0. 

[012] mti&mZ<DQ%MV>ftWTi fe^ty5 7. 

[013] itlM3 0^iffl^Iffi/( £^i-^7 0 

[^©ttWl 

1 1 :63S* 

1 2 ftfflMF 

1 5 mm 

15A ? 
1 5 B 

1 6 ®_htfl? 
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Ni(CHiCOO)^ AH2O 



8YSZ yx 
(20wt°/ c V;U 



O.25mol/i 



Ni/8YSZ = 68/32 



750t 



800°Cx24Hr 



N1O/8YSZ 
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[Ell 0] 



Ni(CH3COO) 2 -AH 2 0 



I 



Mg(CHiCOO>-4H 2 0 



Ni/Mg = 80/20 



8YSZ v/U 
(20wt % viV) 



0.25mol/i 



20mol%8YSZ V"'U5^D 
750°C 



lOOOt x 24Hr 



Nio. B Mg 0 . 2 O/YSZ 
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[Ell] 



La/Sr/Mn=8/2/l0 



SrCOa 



MnO* 

ZZJ 



8YSZ v ;u 
(20wt%7JU) 



I 



O.25mol/i 



50mo17o8YSZ VlUfcm 



5ft T&frfS? 



750°C 



1000°Cx4Hr 



Lao.8Sro. ? Mn0 3 /8YSZ 



(72)5§^# LU* «H (72)#§B^# frW #- 

^ClSUffieE«irr*l9»l»r3Ta20#23# * =ftJMUB«trPM#3TBll#20# 

^T^°-h203# (72)ig^# mm mm 
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